Background {#Sec1}
==========

Ectopic pregnancy (EP), which is the implantation of a fertilized ovum outside the endometrial cavity and has an approximate incidence of 1.5--2.0 % in all pregnancies, is a potentially life-threatening disease (Chang et al. [@CR9]). With increasing in vitro fertilization (IVF) procedures, there is an increase of Eps (Ramer et al. [@CR43]; Sisti et al. [@CR48]). Currently, it remains a major problem in contemporary gynecological practice and continues to be an important cause of morbidity and mortality in women. EP is also a clinical manifestation of poor fertility prognosis and adverse outcomes in subsequent pregnancies (Musa et al. [@CR39]). Although oviduct inflammation, the history of tubal pregnancy and tubal surgery, the application of assisted reproductive technology (ART) and so on are known as the pathogenesis of EP by now. However, the definite mechanism of it is still missing. Therefore, many specialists and researchers have focused their efforts on EP to gain a better understanding of the mechanism of this disease and develop new methods for the diagnosis and treatment of this issue.

Citation is an author's reference to a previous work that acknowledges the relevance of that work in contributing to the completion of the author's current paper (Kavanagh et al. [@CR29]). While number of citations is not the only factor in determining an article's relevance, it is arguably our best marker for articles that have been influential in the field (Baldwin et al. [@CR2]). Citation analysis involves ranking and evaluating an article or journal based on the frequency of citation that it receives (Murray et al. [@CR38]). The frequency of citation has significant implications for authors, journals, institutions and even nations (Moed [@CR36]). Citation analysis is the bibliometric process that is used to examine the citation history of a particular paper by examining the citations attributed to that publication. Usually, it involves ranking and evaluating an article or journal based on the number of citations that it has received.

To systematically review the citation classics dedicated to EP, we evaluated the current literature for the 100 most frequently cited articles in an attempt to provide a bibliometric perspective of the progress in this field. To our knowledge, this is the first study to quantify and analyze the most frequently cited papers to review the history of EP.

Methods {#Sec2}
=======

The database (Web of Science Expanded citation index) of the Institute for Scientific Information (ISI) from 1965 to 2015 was searched using the keyword "ectopic pregnanc\*" to identify the citation classics. This database includes peer-reviewed publications indexed from more than 10,000 high-impact journals worldwide. Only papers that had been published as an "article" were selected for further study and no language restriction criteria was applied in our study. Each article in the top 100 cited list was reviewed, and the information including number of citations, authorship, journals, institution and country of origin, and year of publication was retrieved. Country of origin was defined based on the first author's address. The addresses of other authors were noted to determine whether international collaboration was involved.

Results {#Sec3}
=======
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The most cited paper was contributed by Kalman et al. ([@CR28]) with 482 citations, whereas the 100th paper by Chegini and Flanders ([@CR10]) was cited 86 times. The mean number of citations was 132 (SD 69.76). The oldest citation classic on the list was ranked at position 62 and was published in 1969 by Kobayashi et al. ([@CR32]) (96 citations), and the most recent paper was at position 82 and was published in 2009 (88 citations) by Schumacher et al. ([@CR45]). In analyzing the list by publishing decade, most of the top 100 papers were published in the 1990s, and no top 100 paper was published in the 2010s (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Flowchart of the number of the 100 top-cited papers in ectopic pregnancy per year

Several authors published multiple papers in the top 100 list (Fig. [3](#Fig3){ref-type="fig"}; Table [2](#Tab2){ref-type="table"}). Both Stovall TG and Ling FW, who published six papers, appeared at the top of the list, followed by Decherney AH, Pouly JL and Buster JE with five papers. In regard to the first author and corresponding author, Stovall TG appeared at the top of the list with four papers, followed by Decherney AH also with four first author papers, in which Barnhart was the corresponding author as well.Fig. 3The top-ranked authors who published the 100 top-cited papers in ectopic pregnancy Table 2List of authors who published more than 3 of most 100 cited papers in ectopic pregnancyRankAuthorNo. of articlesFirst authorCorresponding author1Stovall TG6442Ling FW6003Decherney AH5444Pouly JL5105Buster JE5006Fernandez H4217Romero R4218Cates W4119Kadar N32210Westrom L32211Bruhat MA31312Marchbanks PA31113Mccord ML31114Mage G31015Carson SA30016Laing FC300The first authors with more articles took precedence and then the corresponding author and at last the initials according to the order of the alphabet in the situation of equal numbers of articles

The journal of Fertility and Sterility published the highest number of papers (23), followed closely by Obstetrics and Gynecology (15), American Journal of Obstetrics and Gynecology (10), New England Journal of Medicine (6) and JAMA---Journal of The American Medical Association (6). The detailed results are shown in Table [3](#Tab3){ref-type="table"}.Table 3List of journals that published more than 2 of top 100 cited articles in ectopic pregnancyRankJournalNo. of articlesTotal citationImpact factor1Fertil Steril2326014.592Obstet Gynecol1519375.1753Am J Obstet Gynecol1017004.7044JAMA-J Am Med Assoc686335.2895New Engl J Med679055.8736Hum Reprod55144.5697Radiology43776.8678Brit Med J366617.4459Sex Transm Dis25072.84210Ultrasound Obst Gyn23253.85311Brit J Obstet Gynaec22843.44812Am J Public Health21784.552The journals with more total citation took precedence in the situation of equal numbers of articles

Of the top 100 articles, 65 papers were from the United States, followed by the United Kingdom and France (Table [4](#Tab4){ref-type="table"}). In regard to institution contribution (Table [5](#Tab5){ref-type="table"}), Yale University in Connecticut contributed seven papers, whereas the Center for Disease Control and Prevention in Atlanta, Georgia published six papers each. Of all of the articles, 36 resulted from multi-institutional collaboration, 4 from multinational collaboration, and 64 from individual institutions.Table 4List of countries that published the 100 top-cited articles in ectopic pregnancyRankCountriesTPTCSPCP1USA6585246322France91196903UK80624Canada4463315Sweden4420226Denmark2430207Finland2261208Netherlands2230209Israel21732010Belgium21111111Taiwan11431012Japan1961013Germany1881014Australia1001TP refers to all the co-authors originating from the same country or territory contributed to the number of the 100 most cited articles in EP; TC refers to the number of 100 top-cited articles published by the first author originating from each country or territory; SP refers to single country or territory articles; CP refers to internationally collaborative articles. Rank: according to the order of TP, TC, SP, CP and the order of the alphabet of the initials Table 5List of institutions that published 2 or more of the 100 top-cited articles in ectopic pregnancyRankInstitutionsTPTCSPCP1Yale Univ7972702Ctr Dis Control6702243Ctr Dis Control & Prevent6406154Univ Tennessee5667505Univ Calif San Francisco4268226Hop Antoine Beclere4187137Emory Univ4167048Vanderbilt Univ3267219Univ Washington32091210Univ Penn31962111Hop Bicetre3980312Univ Calif Los Angeles22661113Univ Helsinki22612014Univ Amsterdam22302015Univ Lund Hosp22191116Harvard Univ21941117Univ Vermont21852018Baylor Coll Med21762019Amer Soc Reprod Med21632020Univ So Calif2901121Aarhus Univ200222Univ Alabama200223Univ Michigan2002TP refers to all the co-authors originating from the same institution contributed to the number of the 100 most cited articles in EP; TC refers to the citation times of the 100 most cited articles in EP published as the first author institution; SP refers to single institution articles; CP refers to inter-institutionally collaborative articles. Rank: according to the order of TP, TC, SP, CP and the order of the alphabet of the initials

Additionally, high-frequency keywords that appeared more than ten times in the 100 most cited articles, including EP, treatment, risk factors, methotrexate, diagnosis, tubal pregnancy, *Chlamydia trachomatis* infections, human chorionic gonadotropin (HCG), pelvic inflammatory disease, ultrasound, were screened to determine the hot topics in EP research (Table [6](#Tab6){ref-type="table"}).Table 6The categories of research hotspots in 100 most cited articles in ectopic pregnancyRankKey wordFrequency1Ectopic pregnancy792Treatment263Risk factors174Methotrexate165Diagnosis156Tubal pregnancy147*Chlamydia trachomatis* infections138HCG (Human Chorionic-Gonadotropin)129Pelvic inflammatory disease1210Ultrasound11

Discussion {#Sec4}
==========

The term "citation classics" was first introduced by Eugene Garfield in 1987 in a study to identify the 100 most-cited JAMA articles (Garfield [@CR18]). Since then, citation classics have been studied by many authors in various fields. The number of times that an article is cited is a good way of measuring the impact that the article has on a specific field or topic and, in turn, allows both the author and the journal to be evaluated (Garfield [@CR17]). In our study, the SCI-expanded was used to identify the 100 most cited papers in EP to produce a list of citation classics in this field. This list provides us with a source of great value in terms of the authors and topics that have had a profound influence in the area of EP over the past 50 years.

The present study summarizes several features of influential articles in EP research over the past 50 years. For instance, we found that half of the 100 most cited papers were published in the 1990s, which suggests that older papers are cited more (Picknett and Davis [@CR42]). The articles in 1990s were neither too old to have some outdated opinions nor too early to have time to be proven or cited. In fact, it has been found that the true impact and importance of an article cannot often be precisely assessed for at least two decades after it is published (Baltussen and Kindler [@CR3]).

A high citation frequency also demonstrates that other authors have formulated opinions on the topic and that it has generated discussion and debate (Nason et al. [@CR40]). In our study, these top 100 articles were published in 32 peer-reviewed journals of high quality, as demonstrated by their impact factor (mean 10.421, range 1.535--55.873). The impact factor of a journal is generally accepted as a representation of the scientific quality of a publication. With further analysis, we found that most of the top-cited articles were published in high-impact journals, which is consistent with the results of other reviews. It is generally presumed that articles that are published in high-impact journals are more likely to have an extensive popularity among readers and thus have a greater potential for citation, which in turn maintains the high impact factor of these journals. This factor also supports the well-known paradigm that top-cited articles are often published in journals topping the impact factor list, which in turn maintains the high impact factor of these journals (Garfield [@CR19]). Additionally, it was found that American authors tended to cite local papers (Campbell [@CR6]), and that US reviewers had a significant preference to accept papers written by native researchers (Link [@CR34]).

Additionally, we found that all of the papers in the top 100 were written in the English language and that a majority of them were from the United States. One of the underlying reasons might be due to the large population of senior researchers, adequate research budgets and superior scientific research conditions for scientific investigation. Besides, because of the powerful influence of English-speaking countries like USA, UK and so on and the fact that English is the official language using by most countries and is the world's most extensive second language, English is widely used all over the word. Collaboration has increased at the author, institution and country levels, which is supported by many earlier studies (Kliegl and Bates [@CR31]). Of the top 100 cited papers, 64 came from individual institutions, 36 came from multi-institutional collaboration, and 4 came from multinational collaboration. This finding reflects that teamwork awareness, in some cases, is of great importance and that scientific collaboration plays an indispensable role in the progress of scientific research.

EP has been defined as pregnancy that develops after implantation of the blastocyst anywhere other than the endometrium lining of the uterine cavity. It remains a major gynecological problem in contemporary gynecological practice and continues to be an important cause of morbidity and mortality in women. Therefore, many studies have targeted the pathogenesis, diagnosis or treatment application to improve future prognosis. According to the implantation site of the blastocyst, EP is divided into tubal pregnancy, ovarian pregnancy, abdominal pregnancy, or intraligamentary pregnancy. Among the sites of EP, more than 95 % of EPs occur in the fallopian tubes. Some special-site EPs such as cesarean scar pregnancy (Godin et al. [@CR22]; Hemminki and Merilainen [@CR23]; Jurkovic et al. [@CR26]; Seow et al. [@CR46]; Sorbi et al. [@CR49]), interstitial pregnancy (Lau and Tulandi [@CR33]), cornual pregnancy (Timortritsch et al. [@CR52]), and cervical pregnancy (Frates et al. [@CR16]) were discussed in the 100 most cited papers.

The risks of an EP vary across women. Among the 100 articles, more than a quarter of them emphasized the risk factors of EP, among which the relationship between *Chlamydia trachomatis* infection and EP was discussed mostly (Brunham et al. [@CR4]; Cates and Wasserheit [@CR8]; Chow et al. [@CR11]; Egger et al. [@CR14]; Hillis et al. [@CR25]; VanVoorhis et al. [@CR54]). Additionally, the authors focused on other risk factors that can lead to EP, such as pelvic inflammatory disease (PID), smoking, in vitro fertilization (IVF), the use of intrauterine contraceptive devices (IUD), and vaginal douching (Aral et al. [@CR1]; Castles et al. [@CR7]; Hillis et al. [@CR24]; Logerotlebrun et al. [@CR35]; Ory [@CR41]; Rogers [@CR44]; Westrom et al. [@CR55]; Zhang et al. [@CR56]). The phenomenon reminds us that the etiology and pathogenesis of EP for clinical and basic research has attracted close attention from many senior researchers.

The diagnosis of EP has been a hot topic in research across the world. A timely, early diagnosis can help patients obtain better pregnancy outcomes. Ultrasonography and β-hCG levels are important in the early diagnosis of EP (Crochet et al. [@CR13]). Moreover, the combined application of ultrasound and β-hCG levels has great value in a precise diagnosis (Cacciatore et al. [@CR5]; Kadar et al. [@CR27]). We also found that the articles relating to early diagnosis were mainly cited before the 1990s, indicating that the effect of early diagnosis of EP on clinical practice and basic research still needs to be explored.

The treatment of EP has drawn attention from modern researchers. The treatments presented in the classic articles include expectant management and medical and surgical protocols. The focus of treatment is to select a safer and more effective method to preserve reproductive potential. Methotrexate treatment, especially single-dose methotrexate, is thought to reduce the potential cost and morbidity of hospitalization and surgery, which is discussed mostly as well (Glock et al. [@CR21]; Stovall and Ling [@CR50]; Stovall et al. [@CR51]). Following EP, fertility is another topic that is commonly discussed in these classic articles (Sherman et al. [@CR47]) which show improved intrauterine pregnancy after an ectopic pregnancy. Besides, ESEP study and DEMETER study show high rate of 2 years intrauterine pregnancy after an ectopic pregnancy which match the conclusion (Fernandez et al. [@CR15]; Mol et al. [@CR37]).

Although the top 100 articles have proved to be most useful to the vastly larger population of practicing scientists, some limitations are existed in our study (Van Noorden et al. [@CR53]). First, the top-cited articles were always the older papers because of the limited life span of literature. Therefore, some points need to be updated, and such updates are likely to identify trends in research patterns (Garfield [@CR17]). Another important problem with this type of analysis is the "obliteration by incorporation" phenomenon (Garfield [@CR18]). This issue describes the process in which information from truly classic papers becomes cited less frequently and is absorbed into the body of current knowledge (Kelly et al. [@CR30]). Second, the words that we used as subject terms were only "ectopic pregnancy" and "ectopic pregnancies", which may miss some citations related to our analysis such as those indexed with extrauterine pregnancy or heterotopic pregnancy. Furthermore, the only database that we searched was the SCI-expanded, and those articles published before 1965 were excluded from our study. Therefore, some "classic" articles from other databases or before 1965 may have also been missed in this analysis. Additionally, self-citation, journal bias and language bias were not controlled for in our study, and these issues may have affected our research, whereas citation analysis is still a feasible tool to comprehensively recognize the advances of EP research in the past and future research.

Conclusions {#Sec5}
===========

Bibliometric analysis was used to provide a historical perspective on the progress in EP research over the past 50 years. The citation increases as time goes by, and it reaches its peak in the 1990s. Articles originating from the United States and published in high-impact journals were most likely to be cited in the field of EP research. The risk factors of EP like *Chlamydia trachomatis* infections and the treatment of EP especially like methotrexate medical management were screened to present the hotspots of EP research.
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